Objectives This study was aimed to assess hemostatic disturbances in female patients with established rheumatoid arthritis (RA) in relation to menopausal status and disease activity. Method Ninety women were included in the study, 42 patients and 48 age-matched healthy controls. There were no differences between the investigated groups regarding the presence of traditional cardiovascular risk factors. Two global hemostatic assays were employed, namely endogenous thrombin potential (ETP) and overall hemostasis potential (OHP). The parameters of the ETP assay (ETP, C-max, t-lag, t-max) and OHP assay (overall coagulation potential (OCP) and overall fibrinolytic potential (OFP)) were assessed. Moreover, the parameters of the fibrin clot (lag time, Max Abs, and slope) were measured by clot turbidity and scanning electron microscopy (SEM). Both patients and controls were divided into four subgroups according to menopause status. Results The premenopausal controls differed significantly from all other subgroups in terms of diminished levels of ETP (p = 0.02), C-max (p = 0.01), OCP (p = 0.02), OHP (p = 0.001), and Max Abs (p = 0.008), while OFP (p = 0.0001) was increased. This tendency was not seen in the premenopausal RA patients compared with the postmenopausal RA patients. SEM images showed denser clots composed of thinner fibers in samples from RA patients. The disease activity measured by DAS28 correlated with OCP and OHP (r = 0.54; p = 0.001 and r = 0.44; p = 0.003, respectively) indicating persistent hypercoagulable condition in the whole group of RA patients. Conclusions Our results point towards coagulation activation in premenopausal women with established RA. The patients were well characterized, which enabled assessment in a real-life setting.
Introduction
In addition to the progressive disability secondary to the joint impairment, the increased risk of cardiovascular disease (CVD) is a major issue in patients with rheumatoid arthritis (RA) [1] . RA is associated with most subtypes of CVD, and ischemic heart disease (IHD) and in particular myocardial infarction has been most extensively studied [2] . The risk of IHD is increased in both men and women with RA, and it seems to develop rather rapidly after disease onset [3] . Despite improvements in RA treatment and improved disease control, the risk for IHD has remained constant over time [4] . Cardiovascular events are also a major cause of mortality in patients with RA [5] , and recent studies point towards an increased risk of venous thromboembolism and cerebrovascular disease in RA [6, 7] . The association with traditional risk factors for CVD does not entirely explain the prevalence of premature atherosclerosis and prothrombotic condition in this group of patients [8, 9] . Disease-related risk factors that potentiate the inflammatory burden are also of importance, especially elevated levels of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) [10, 11] , as well as the presence of extra-articular manifestations [12] , and high disease activity is associated with low functional status [13, 14] . The positivity for rheumatoid factor (RF) and antibodies to citrullinated protein antigens (ACPAs) has been associated with the risk of clinically significant CVD in RA [15] [16] [17] .
Chronic systemic inflammation in RA shifts the hemostatic mechanisms in favor of thrombosis through activation of the coagulation system, inhibition of fibrinolysis, and decreased activity of anticoagulant pathways [18] . Inflammation and coagulation are closely related processes that significantly influence each other [19] , and this interaction occurs at several levels, such as platelet activation, endothelial activation, the expression of adhesion molecules on endothelium, tissue factor expression on monocytes, excessive thrombin and fibrin formation, and formation of denser fibrin structures, as reviewed by Hoppe et al. [19] . Excessive accumulation of fibrin in the synovium, the vessel walls, and in other tissues represents a striking pathophysiological feature of RA.
Thus, the presence of prothrombotic condition due to persistent inflammatory stimulation in RA patients acts synergistically with traditional CVD risk factors and contributes to the increased CVD risk in RA. This is of particular importance knowing that RA occurs more commonly in women and frequently onsets in women of childbearing age, with a female to male ratio up to 4:1 in younger age groups, but nearing 1:1 after 60 years of age [20] . In addition, there is also significantly higher disease activity in the female population, with three times more rapid progression of RA-related disability than in men [21] .
While the assessment of single hemostatic factors and/or inhibitors reveals only a small part of the complex hemostatic process, the new generation of global hemostatic assays offers a complete overview of hemostasis. The most widely used global hemostatic assay is measurement of the endogenous thrombin potential (ETP), which reflects the total amount and the kinetics of thrombin generated over time in the examined plasma sample. The results of this test reliably reflect thrombotic or bleeding potential [22] . On the other hand, the overall hemostatic potential (OHP) assay provides additional information concerning the rates of fibrin formation and fibrin degradation, demonstrating the balance between these two opposing hemostatic processes [23] . The turbidimetric curve reflects fibrin formation and can be used to assess fibrin clot properties, and the fibrin degradation curve can be a useful tool for measuring the clot lysis time (CLT).
We aimed this study, therefore, to assess hemostatic disturbances in female patients with established RA using global hemostatic assays and to identify fibrin clot properties in relation to the presence of traditional risk factors for CVD, disease activity, and menopause status.
Material and methods

Study population
Forty-two women with established RA referred to the outpatient clinic, Department of Rheumatology, Clinical Centre Kragujevac, Serbia, were included in the study (mean age 54.8 ± 9.1 years). RA was diagnosed according to the classification criteria of the American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) 2010 [24] . The exclusion criteria included a history of diabetes mellitus, malignancy, inflammatory disease (inflammatory bowel diseases, systemic lupus erythematosus, systemic sclerosis, vasculitis) except RA, liver or renal insufficiency, previous cerebrovascular or cardiovascular disorders (including inherited thrombophilia, antiphospholipid syndrome, and hyperhomocysteinemia), and venous thromboembolism. RA assessments included a detailed medical history, the presence of extra-articular disease, current disease activity assessed by the 28-point disease activity score (DAS28) [25] , and physical function using the Health Assessment Questionnaire (HAQ) [26] . All current medications were recorded. Additionally, at the time of blood sampling, the patients were free of any medication known to influence hemostasis, and we ensured that no anticoagulants or antithrombotic agents (acetylsalicylic acid) were prescribed to these patients.
Forty-eight age and sex-matched healthy subjects (mean age 54.1 ± 6.2 years) were included in the study as controls. They were free from diabetes mellitus, malignancy, inflammatory disease including RA, and liver or renal insufficiency. All women included in the study were not taking oral contraceptives or hormone replacement treatment.
All hormone factors were self-reported by the participants. Post-menopausal status was defined as cessation of menses for 12 months, as previously described [27] .
The study was conducted in accordance with the principles outlined in the Declaration of Helsinki and principles of Good Clinical Practice (GCP). Written informed consent was obtained from all participants, and the study protocol was approved by the Ethics Committee of the Clinical Center Kragujevac, Serbia, prior to the onset of the study.
Blood sampling
Following at least a 10-h fasting period, blood was collected in Vacutainer tubes containing 0.129 M sodium citrate (BD Vacutainer Blood Collection System) using 21-gauge needles (BD Vacutainer needles). Platelet-poor plasma was obtained within 60 min of sampling by centrifugation at 2000×g for 15 min at room temperature and stored at − 70°C. The frozen plasma samples were transported to the Karolinska Institutet, Clinical Chemistry-Coagulation, Department of Molecular Medicine and Surgery, Stockholm, Sweden, for further analysis.
Global hemostatic assays
Determination of endogenous thrombin potential
The ETP assay (Siemens Healthcare Diagnostics Products GmbH, Marburg, Germany) was performed on a BCS® XP System according to the manufacturer's instructions. From the thrombin generation curves, we obtained the following four parameters: ETP (as a measure of the total endogenously generated thrombin), t lag (lag phase until initiation), C max (peak thrombin generation), and t max (time to peak thrombin generation) ( Fig. 1a ). The ETP values were calculated as the area under the thrombin generation curve and given as a percentage (%). The intra-assay and inter-assay coefficients of variation (CVs) for the normal plasma pool were 1.1% and 1.7%, while for the hypocoagulable plasma pool these were 1.8% and 3.9%, respectively.
Determination of overall hemostatic potential
We employed a modification of the assay described by He et al. [23] in order to assess OHP in plasma. Briefly, fibrin aggregation curves were constructed in the microplate using 140-μL citrated plasma with the addition of 20 μL of diluted phospholipid reagent (Phospholipid-TGT, Rossix, Sweden), 0.04-U/mL thrombin (Sigma-Aldrich, USA), and 17mmol/L CaCl 2 with or without 300-ng/mL tissue plasminogen activator (t-PA) (Boehringer Ingelheim, Germany). Absorbance (Abs) at 405 nm was measured every 12 s for 60 min. The area under the curve was calculated by summation of the Abs values (Abs-sum) and expressed as the OHP value ( Fig. 1c ). Two additional parameters were also analyzed-the overall coagulation potential (OCP), determined as the area under the fibrin aggregation curve obtained without the addition of t-PA ( Fig. 1d ), and the overall fibrinolysis potential (OFP), calculated as the difference between the two areas as OFP (%) = ((OCP − OHP)/OCP) × 100 (Fig. 1c) . The intra-assay and inter-assay CVs for OHP were 1.6% and 6.8% and for OCP were 1.2% and 5.7%, respectively.
Determination of clot lysis time
CLT was determined based on the fibrin aggregation curve for the determination of OHP and was defined as the time from the midpoint of the clear-to-maximum turbid transition (which corresponds to the Bclotting time^) to the midpoint of the maximum turbid-to-clear transition. CLT was measured before and after the addition of a specific inhibitor of thrombin-activatable fibrinolysis inhibitor (TAFI), potato tuber carboxypeptidase inhibitor (PTCI; final concentration 50 mg/mL) in order to indirectly determine the activity of TAFI ( Fig. 1b ).
Analyses of fibrin clot formation
Fibrin clot density and the rates of fibrin polymerization were assessed with the turbidimetric clotting assay according to the method described by Carter et al. [28] . The turbidimetric curve for determination of OCP was used to assess (1) lag time, defined as the time to the starting point of detectable fibrin formation, (2) the slope at the steepest part of the fibrin polymerization curve, reflecting the rate of lateral aggregation and the fiber formation phase, and (3) the maximum absorbance (Max Abs) as a measure of the clot density, defined as the increase in absorbance from baseline to the maximum value ( Fig. 1b) .
Scanning electron microscopy
The clots formed during fibrin generation for the determination of OCP were washed with PBS (phosphate-buffered saline) solution and fixed in 2.5% glutaraldehyde in Hepesbuffered saline for 60 min at room temperature and stored at 4°C. The samples were washed in distilled water and placed in 70% ethanol for 10 min, 95% ethanol for 10 min, absolute ethanol for 15 min, and in pure acetone for 10 min (all at room temperature) and then transferred to tetramethylsilane (Merck, Darmstadt, Germany) for 10 min and air dried. After drying, the samples were mounted on an aluminum stub and coated with carbon (Bal-Tec MED 010, Lichtenstein). Samples were analyzed under an Ultra 55 field emission scanning electron microscope (Carl Zeiss, Oberkochen, Germany) at 3 kV.
Other laboratory analyses
Laboratory analyses of CRP (Beckman Coulter AU680 analyzer), ESR (Westergren method, Vacuette ESR analyzer), fibrinogen concentration (Clauss method, ACL TOP analyzer by Instrumentation Laboratory), lipid profile (cholesterol, triglycerides, HDL, and LDL, all by Beckman Coulter AU680 analyzer), RF (turbidimetric method, Beckman Coulter A U 6 8 0 a n a l y z e r ) , a n d A C P A ( R o c h e electrochemiluminescence immunoassay, Cobas e411 analyzer) were performed in the Central Laboratory of the Clinical Center Kragujevac.
Statistical analysis
All data were analyzed using SPSS 20.0 (IBM Corp. Released 2011) and GraphPad Prism 5 (Version for Windows, GraphPad Software, La Jolla, CA, USA). The results are expressed as means ± standard deviation of the mean (SD), as medians with ranges and 95% confidence intervals, or as percentages depending on the data type and distribution. Distribution of the data was checked by the Shapiro-Wilk test. Independent samples t tests (parametric) and Mann-Whitney U tests (non-parametric) were used to assess the difference in estimated variables between groups. For comparison of more than two groups of individuals, one-way ANOVA was used. A p value < 0.05 was regarded as statistically significant.
Correlation between variables was examined using the Pearson and Spearman correlation analyses depending on the data type and distribution.
Results
Characteristics of the study population
The mean disease duration in patients was 12.8 ± 8.0 years, and disease activity was medium to high (DAS28 was 3.8 ± 1.1) at the moment of blood sampling. The mean HAQ value was 1.3 ± 0.2, and the majority of patients were RF positive (n = 36; 86%) and ACPA positive (n = 40; 95%). All patients were treated with the standard treatment protocol of methotrexate (15-25 mg per week) and prednisolone (≤ 10 mg per day); however, only 9 patients (20%) were in remission (DAS28 < 2.5). Five patients had extra-articular manifestations in form of rheumatoid nodules on the elbows and the small joints of the hands.
There were no differences between the controls and RA patients regarding the presence of traditional CVD risk factors of smoking (42% vs 41%), hypertension (37.5% vs. 42.8%), and body-mass index (BMI) (26.1 ± 3.9 kg/m 2 vs. 26.1 ± 4.9 kg/m 2 ) or regarding lipid profile, including cholesterol (6.5 ± 1.2 mmol/L vs. 6.1 ± 1.0 mmol/L), triglycerides (1.5 ± 0.6 mmol/L vs. 1.5 ± 0.6 mmol/L), HDL (1.6 ± 0.3 mmol/L Fig. 1 Schematic presentation of a endogenous thrombin potential (ETP). b clot lysis time with or without addition of potato tuber carboxypeptidase inhibitor (PTCI), c overall hemostasis potential (OHP) and overall fibrinolytic potential (OFP), and d overall coagulation potential (OCP). Abs, absorbance vs. 1.5 ± 0.3 mmol/L), and LDL (4.2 ± 1.1 mmol/L vs. 3.8 ± 0.9 mmol/L).
As expected, patients with RA had higher CRP (11.5 ± 6.4 mg/L vs. 2.5 ± 2.4 mg/L, p = 0.0001), ESR (22.9 ± 13.5 mm/h vs. 13.3 ± 8.8 mm/h, p = 0.0001), and fibrinogen levels (3.5 ± 0.7 g/L vs. 3.2 ± 0.5 g/L, p = 0.031) compared with controls.
Women in both groups were divided into the following four different subgroups according to menopause: (1) premenopausal controls (n = 14), (2) postmenopausal controls (n = 34), (3) premenopausal patients (n = 11), and (4) postmenopausal patients (n = 31). The oldest menstruating control was 53 years old, and the youngest menopausal woman with RA was 45 years old. The postmenopausal controls had a mean cessation of menses of 8.2 ± 4.1 years, while in the postmenopausal patient group it was 9.3 ± 4.5 years, but this difference was not statistically significant.
Demographic and clinical characteristics of the participants as well as the presence of traditional CVD risk factors in these subgroups are presented in Table 1 . Premenopausal women in subgroups 1 and 3 had lower BMI, LDL, and total cholesterol levels compared with postmenopausal women in subgroups 2 and 4. The levels of CRP, ESR, and fibrinogen were lower in premenopausal controls compared with postmenopausal women in the control group, but the difference ceased to exist in the RA group, as presented in Table 1 .
Hemostatic parameters
The levels of the investigated parameters of the global hemostatic assays and the fibrin clot parameters did not differ between the controls and RA patients on the group level.
ETP levels were significantly higher in postmenopausal controls (p = 0.023) and were higher in both subgroups of RA patients compared with the levels in subgroup 1, but these differences were not statistically significant ( Table 2 ). The levels of C-max, reflecting the maximum thrombin generation, had the same trend. Other parameters of the thrombin generation assay showed similar levels in the investigated subgroups. The parameters of thrombin generation were not correlated to the disease duration, or to the disease activity in the investigated patients with RA.
OHP (sum-Abs) was significantly lower (p = 0.001; p = 0.04; p = 0.03, respectively), while OFP (%) was significantly higher (p = 0.0001; p = 0.006; p = 0.001, respectively) in premenopausal controls (subgroup 1) compared with postmenopausal controls and to pre-and postmenopausal patients (subgroups 2-4). OCP (sum-Abs) was significantly lower in subgroup 1 compared with subgroup 2 (p = 0.018) ( Table 2 ). When adjusted for BMI, the levels of all investigated parameters remained significantly different. Typical fibrin aggregation curves for OCP and OHP in subjects from all investigated subgroups are presented on Fig. 2 , demonstrating augmented fibrin aggregation (Figs. 2a) and diminished fibrinolysis (Fig. 2b) in patients compared with controls.
CLT was shorter in premenopausal controls compared with postmenopausal controls (p = 0.007) and RA patients (p = 0.002 and p = 0.0001, respectively, for both subgroups). After the addition of PTCI in the investigated samples, CLT remained significantly different between subgroups 1 and 2 (p = 0.03) ( Table 2 ). The difference in CLT before and after PTCI addition (ΔCLT) reflects the activity of TAFI in the investigated samples (Fig. 1b) . Compared with premenopausal controls, ΔCLT was greater in postmenopausal controls (p = 0.03) and in both subgroups of RA patients (p = 0.018 and p = 0.009, respectively), reflecting higher TAFI activity in these samples.
Levels of OCP and OHP correlated (r = 0.54; p = 0.001 and r = 0.44; p = 0.003, respectively) with the disease activity in RA patients as measured by the DAS28 (Fig. 3a) . Significant correlation was also observed with the levels of inflammatory parameters CRP (r = 0.45; p = 0.003 for OCP and r = 0.46; p = 0.002 for OHP) and ESR (r = 0.65; p = 0.0001 for OCP and r = 0.65; p = 0.0001 for OHP). OFP was inversely correlated with ΔCLT (r = − 0.47, p = 0.002; Fig. 3b ) in RA patients, indicating that diminished fibrinolysis is related to increased TAFI activity. The values are expressed as means ± SD, or median (range). OHP, overall hemostasis potential; OCP, overall coagulation potential; OFP, overall fibrinolytic potential; ETP, endogenous thrombin potential, AUC, area under curve (referent value 87-128); Cmax, maximal thrombin concentration (referent values 82-119); tlag, time to beginning of thrombin formation; tmax, time to maximal thrombin concentration; CLT, clot lysis time; PTCI, potato tuber carboxypeptidase inhibitor; ΔCLT, difference between CLT with PTCI and CLT without PTCI; lag time, time to starting point of detectable fibrin formation; maxAbs, increase in absorbance from baseline to maximum value; slope, the rate of lateral aggregation and fiber formation phase. Single asterisk indicates statistical significance (p < 0.05); double asterisks indicate statistical significance (p < 0.01). Statistical significance between groups: a 1 and 2; b 1 and 3; c 1 and 4; d 2 and 3; e 2 and 4; f 3 and 4 Fig. 2 Representative curves of fibrin formation for the assay of a overall coagulation potential (OCP) and b fibrin formation and fibrinolysis for the assay of overall hemostatic potential (OHP) in control subjects and patients with RA
Analysis of fibrin clot parameters and clot structure
Parameters of fibrin clot formation indicated significantly shorter lag-time and lower Max Abs values in premenopausal controls compared with postmenopausal controls and to preand postmenopausal patients ( Table 2 ). The slope of fibrin formation did not differ between control subgroups or between RA subgroups, but the slope values were higher in controls compared with patients ( Table 2) . Scanning electron microscopy revealed that fibrin clots in premenopausal controls had larger pores with lower density, a so-called Blooser^structure that is more susceptible to fibrinolysis ( Fig. 4; 1a, b ). Postmenopausal controls ( Fig. 4; 2a , b) and both premenopausal ( Fig. 4; 3a, b ) and postmenopausal RA patients ( Fig. 4; 4a, b ) had denser fibrin structures with smaller pores. In these clots, fibers are tightly packed and are less prone to fibrinolysis.
Measurement of the fiber thickness of the representative samples was performed in five different areas, and the mean value of 10 fibers/area was used as the final measure of fiber thickness in these samples. Thicker fibers were found in the controls compared with patients (subgroup 1; 148.2 nm ± 5.9 nm and subgroup 2; 132.6 ± 18.2 nm vs. subgroup 3; 120.6 ± 12.9 nm and subgroup 4; 127.1 ± 8.1 nm).
Discussion
We have explored hemostatic disturbances in women with established RA using two global hemostatic assays, and we have evaluated the fibrin clot structures in these patients. All results were compared with the results obtained from healthy age-matched women as well as within the groups regarding menopause status. Premenopausal healthy women had reduced thrombin and fibrin formation, looser fibrin structure, and increased fibrinolysis compared with postmenopausal healthy controls. There were no significant differences between pre-and postmenopausal patients with RA. These findings might indicate that the inflammatory burden in women with RA activates hemostasis and closes the gap between preand postmenopausal RA patients regarding hemostatic activation.
The major advantage of our study is the extensive investigation of hemostatic parameters in a homogenous group of RA patients in comparison with strictly matched control subjects. This is of particular importance knowing that the CVD risk profile is altered in menopausal women [29] . Moreover, the levels of single coagulation factors increase, while the levels of natural anticoagulants decline with menopause in healthy women [30] . Regarding RA, the risk for disease onset is associated with an earlier age at menopause [31] , and the postmenopausal period is related to higher disease activity and more rapid progression of disability [32, 33] .
The lack of differences between the investigated parameters on the group level is probably due to ongoing treatment in patients with RA with standard protocols, including low doses of glucocorticoids and methotrexate. Treatment with methotrexate has been associated with a decreased risk of cardiovascular events [34] , whereas assessments of the impact of glucocorticoid usage on CVD risk in patients with RA have yielded inconclusive results [35] . With regard to the effect on single coagulation parameters, no comprehensive data have been reported on the effect of RA therapies such as DMARDs and biologic agents, including TNF inhibitors. Studies in patients with RA treated with infliximab found reduced expression of proinflammatory cytokines together with reduced levels of fibrinogen and D-dimer and normalized levels of tissue-type plasminogen activator t-PA and plasminogen activator inhibitor-1 in these patients during follow-up of treatment [36, 37] . These findings support the notion that expression of hemostatic markers changes during immune activation and is likely to normalize in response to therapy.
Only a few studies have investigated hemostatic balance by means of global hemostatic assays. Undas et al. explored thrombin generation capacity and indicated delayed but augmented thrombin bursts in samples from RA patients, mainly owing to enhanced coagulation factor VIII in these patients [38] . In contrast, the results of Kern et al. showed earlier and accelerated formation of a reduced amount of thrombin in a homogenous group of RA patients compared with healthy controls [39] . In addition, our data demonstrate lower levels of generated thrombin and peak of thrombin generation in premenopausal controls compared with postmenopausal controls and RA patients. Within the RA group, no correlations were observed between the investigated parameters of thrombin generation and disease activity, disease duration, or inflammatory markers such as CRP and ESR. Once again, this might be a consequence of the ongoing immunosuppressive treatment modulating the hemostatic response in the investigated group of patients. Taken together, the observed changes in thrombin generation in these studies are important and might be considered as an important aspect of the procoagulant state in RA.
The levels of the investigated parameters of overall hemostatic potential assay (OCP and OHP) correlated with disease activity in RA patients. The assay is based on fibrin aggregation and lysis, reflecting the total amount of fibrin formed in the investigated samples, and on its susceptibility to lysis. Fibrin formation is the final product of the coagulation process, but also an important step in early immunopathogenesis in the RA synovium, and fibrin is the most abundant antigen in the synovial compartment that can undergo citrullination and act as an autoantigen. In addition, the generation of a stable fibrin network is necessary to control the inflammatory process because fibrin clots act as a migratory matrix for various cell types such as macrophages [40] .
The formation of tighter fibrin clots is connected with increased risk for CVD because these clots are less prone to fibrinolysis [41] . Menopause also seems to be related to the formation of prothrombotic fibrin clots [42] , and Kwasny-Krochin et al. demonstrated lower clot permeability and denser fibrin structure in RA patients compared with control samples [43] . Accordingly, we found an unfavorably altered fibrin morphology in RA patients with a compact structure composed of thinner fibers and with smaller intrinsic pores, especially when compared with the premenopausal control sample. These clots are difficult to lyse, which is reflected by diminished OFP and prolonged CLT in the investigated samples from RA patients. Further explanation for reduced fibrinolysis can be found in the augmented TAFI activity demonstrated in our study. TAFI is carboxypeptidase B, an enzyme involved in the cross-talk between coagulation and fibrinolysis, but it also plays a critical role in inflammatory processes as a complement inhibitor [44] . In a mouse model of autoimmune arthritis, TAFI exerted antiinflammatory effects by cleaving C5a, which is the final product of the complement cascade [44] . Thus, TAFI activation due to increased thrombin generation in RA inhibits fibrinolysis, but it might also reduce the inflammatory burden in RA. Further studies are needed to confirm this dual role of TAFI.
In summary, this extensive assessment points towards persistent coagulation activation in premenopausal women with established RA. The major limitation of our study is small number of investigated subjects. However, the patients were well characterized for the presence of traditional CVD risk factors and ongoing medications and had moderate to high disease activity, thus enabling an assessment in a real-life setting. Premenopausal patients with established RA had impaired fibrin structure compared with control subjects, and it resembled the clot structure in postmenopausal patients. Larger studies are needed to confirm these preliminary findings.
